was an open-label, phase IV study of advanced non-small cell lung cancer (NSCLC). Patients failing or unsuitable for chemotherapy or radiotherapy received erlotinib 150 mg/day until progression. We examined a subpopulation of elderly patients (≥70 years) receiving first-line erlotinib (n=485) in TRUST. In this subpopulation, disease control rate (n=356 with best response data available) was 79% (vs. 69% for the overall TRUST population; P<0.0001); median progressionfree survival (PFS) was 4.57 months [95% confidence interval (CI), 3.68-5.22]; median overall survival (OS) was 7.29 months (95% CI, 6.27-8.67); and one-year survival, was 36.6%. PFS and OS were significantly longer in patients developing rash, compared to those without, and in those with good performance status (PS; 0/1), compared to poor PS (≥2). Eighty-seven subpopulation patients (18%) had an erlotinib-related AE; other than the protocol-defined frequent adverse events (AEs); 4% had a grade ≥3 erlotinib-related AE, 7% had an erlotinibrelated serious AE. In the subpopulation, dose reductions were required in 27%, most (97%) were reductions to 100 mg/ day; treatment was discontinued in 10%, and one death was associated with treatment-related toxicity (<1%). Erlotinib was effective and well-tolerated and may be considered for elderly patients with advanced NSCLC who are unsuitable for standard first-line chemotherapy or radiotherapy.
Introduction
The incidence of non-small cell lung cancer (NSCLC) increases with age, with 60% of cases arising in patients over 60 years of age, and 30-40% in patients of 70 years or older (1, 2) . In developed countries the median age of diagnosis for advanced disease is 68 years (3) , but this has increased notably over the last 3 decades. Consequently, the age of the patient is often a major factor for physicians considering treatment options for patients with advanced NSCLC. Elderly patients are often denied therapy, prematurely discontinued and excluded from clinical trials because of the perception that they are less able to tolerate cytotoxic chemotherapy than younger patients, and are more likely to suffer toxic effects that adversely affect their quality of life (4) . Physicians may be concerned that age-related impairment in renal or hepatic function could exacerbate the toxic effects of chemotherapy, and that the presence of comorbidities could reduce the capacity of their elderly patients to tolerate such effects. While it is true that the incidence of age-related organ dysfunction and the development of comorbid conditions increase abruptly between 70 and 75 years of age (5) , the clinical significance of the relationship between age and comorbid conditions is complex in patients with cancer (6) and it has been suggested that chronological age is not a valid criterion on which to base treatment decisions in NSCLC (7) . Clinical trials that have investigated the effects of cytotoxic chemotherapy in unselected elderly patients have reported modest improvements in outcomes (8) (9) (10) (11) , while an analysis of two large, randomised trials of adjuvant/palliative chemotherapy for NSCLC found that the age of the patient did not influence overall survival (OS), but that the presence of comorbid conditions was linked with poorer survival (7) .
New targeted therapies for NSCLC, such as the human epidermal growth factor receptor (EGFR) tyrosine-kinase inhibitor, erlotinib (Tarceva ® ), combine therapeutic efficacy with a relatively benign toxicity profile compared with cytotoxic chemotherapy, and so represent attractive new therapeutic options for the treatment of elderly patients with NSCLC (12) . Erlotinib has been demonstrated to significantly prolong OS vs. placebo in previously-treated patients with NSCLC (n=731) (13) , with the improvement in survival benefit being apparent in a broad range of patient subtypes. Erlotinib is now approved in more than 80 countries for the treatment of patients who have received at least one line of chemotherapy.
The TaRceva LUng cancer Survival Treatment (TRUST) study was a large, open-label, phase IV study of erlotinib, designed to allow access to erlotinib monotherapy for patients with advanced stage IIIB/IV NSCLC who had previously failed, or were considered unsuitable to receive, standard chemotherapy or radiotherapy, and were ineligible for other erlotinib trials (14) . A total of 6,665 patients were enrolled in the study, from 513 centres across 51 countries, and recruitment ceased on 31 May, 2007. The cut-off date for the final analysis was 17 April, 2009. The findings of the study confirmed the favourable efficacy and safety profile of erlotinib in a large heterogeneous population of NSCLC patients; the 1-year survival rate was 37.7%, and median OS and progressionfree survival (PFS) were 7.9 and 3.25 months, respectively (14) . The large size of the study database made it feasible to evaluate outcomes among the large number of older patients (≥70 years) who participated; this report describes outcomes among elderly patients who received erlotinib as their first line therapy. Study treatment. Oral erlotinib was administered once daily at a dose of 150 mg to all patients, until unacceptable toxicity, disease progression or death. Dose interruption or reduction (in 50 mg decrements) was permitted in the event of treatmentrelated adverse events (AEs).
Patients and methods

Patients
Clinical assessments. Outcomes included: best response (as assessed by the investigators); PFS; OS; safety and tolerability [including incidence and grade of erlotinib-related rash, serious AEs (SAEs), treatment-related SAEs and AEs leading to treatment withdrawal]. Clinical and laboratory assessments were conducted at baseline, then every 4 weeks throughout the study. Tumour response was assessed using Response Evaluation Criteria in Solid Tumours (RECIST) (15) , at least every 2 months. Tumour responses were confirmed by a second assessment, 4 weeks after the initial determination of response. Safety and tolerability evaluations were assessed and graded using National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0. Treatment-related AEs were reported if they were not included on a list of pre-specified AEs defined in the study protocol (i.e., rash, pruritus, dry skin, diarrhoea, nausea, vomiting, stomatitis, abdominal pain, fatigue, dyspnea, cough, anorexia, infection, conjunctivitis and keratoconjunctivitis sicca).
Statistical analysis. PFS was determined from the date of erlotinib initiation until the date of first documented progres- sion according to RECIST objective tumour assessment, or until the date of death for any reason in the absence of disease progression. OS was determined from the date of initiation of erlotinib until the date of death from any cause.
Results
Patients. The intent-to-treat population (n=485) included all patients ≥70 years of age who had received at least one dose of first-line erlotinib and for whom clinical data (from submitted case report forms) had been entered in the study database by the cut-off date of 17 April, 2009. Demographic and disease characteristics at baseline for the 'first-line erlotinib/elderly' group and for the overall TRUST population are shown in Table I . Seventy-six of the 485 'first-line erlotinib/elderly' patients (16%) were of Asian ethnicity, just over half (54%) were male, and two-thirds (67%) were current or former smokers. Fifty percent had adenocarcinoma and 22% had squamous-cell carcinoma. Seventy percent had stage IV disease (a slightly smaller percentage than in the overall TRUST population (79%)] and 38% were ECOG PS 2/3, compared with 24% of the total population.
Response and survival. Best response data for erlotinib (Table II) were available for 356 of the 'first-line erlotinib/ elderly' group, among whom the overall response rate was 14%, compared with 13% for the overall TRUST population. The disease control rate for erlotinib was 79% (compared with 69% for the overall TRUST population; P<0.0001). Median PFS for the 'first-line erlotinib/elderly' group was 4.57 months [95% confidence interval (CI), 3.68-5.22] (Fig. 1A) , and median OS was 7.29 months (95% CI, 6.27-8.67) (Fig. 1B) , while the one-year survival rate was 36.6%. Median PFS and OS were both significantly longer for patients who developed erlotinib-related rash (Fig. 2 Survival parameters were also determined separately for elderly patients of Asian ethnicity (n=76) and non-Asian ethnicity (n=409) receiving first-line erlotinib. Median PFS was 4.86 months (95% CI, 3.25-9.13) for Asian patients and 4.24 months (95% CI, 3.58-5.03) for non-Asian patients (HR 1.15; P= 0.27), and median OS was 9.69 months (95% CI, 6.44-11.89) and 7.19 months (95% CI, 6.14-8.54), respectively (HR 1.15; P= 0.31).
Elderly patients with poor PS (n=139 for PS 2 and n=43 for PS 3) had worse survival outcomes than those with good Table III . Tolerability of erlotinib therapy in elderly patients (≥70 years) treated in the first-line setting (n=485) and in the overall population in the TRUST study (n=6,580).
TRUST first-line TRUST AEs, n (%) elderly population overall population (14) Patients with at least one treatment-related AE Other than the pre-specified events defined in the protocol. AE, adverse event; SAE, serious adverse event; TRUST, TaRceva LUng cancer Survival Treatment. Table IV . Incidence of specific SAEs in elderly patients (≥70 years) receiving first-line erlotinib (n=485) vs. the overall TRUST population (n=6,580).
TRUST first-line TRUST overall elderly population a population (14) -------------------------------------------------------------------------------------------All
Grade ≥3 All Grade ≥3 SAEs, n (%) Patients with at least one treatment-related SAE 35 (7) 29 (6) 274 (4) Toxicity. Safety data were available for all 485 'first-line erlotinib/elderly' patients, 325 of whom (67%) had at least one AE (Table III) . Eighty-seven patients (18%) had an erlotinib-related AE (other than the pre-specified AEs defined in the study protocol) and 20 patients (4%) had a grade ≥3 erlotinib-related AE [compared with 173 patients (3%) in the overall TRUST population]. Seven percent of patients had a treatment-related SAE, compared with 4% of the overall TRUST population (Table IV) . Dose reductions with erlotinib occurred in 27% of the 'first-line erlotinib/elderly' group; most of these (97%) were reductions to 100 mg/day. By comparison, in the overall TRUST population, 17% of patients received a reduced dose of erlotinib, and 96% of these were reductions to 100 mg/day. Erlotinib-related AEs led to treatment discontinuation in 50 of the 'first-line erlotinib/elderly' group (10%), while two deaths were associated with treatment-related toxicity (<1%). In the overall TRUST population, 337 patients (5%) discontinued treatment due to erlotinib-related AEs and 24 deaths (<1%) were reported due to treatment toxicity.
Biomarkers.
Of the 485 patients included in this analysis, EGFR mutation status was known for just 18 patients: 16 had wild-type tumours and two had EGFR mutation-positive tumours. Both patients with mutation-positive status were female and Caucasian, with stage IV disease and an ECOG PS of 2. Patient 1 was 80 years old and was a never smoker with non-adenocarcinoma histology; she had PFS and OS of 8.54 months. Patient 2 was a 78-year-old former/current smoker with adenocarcinoma; she had an impressive PFS of 31.9 months and OS of 41.6 months.
Discussion
The goals of first-line chemotherapy for elderly NSCLC patients (≥65 years old) are similar to those for younger patients, i.e., to extend survival and relieve cancer-related symptoms, but relatively few randomised controlled studies have specifically investigated elderly patients with NSCLC. The first such trial was the Elderly Lung Cancer Vinorelbine Italian Study, in which single-agent vinorelbine was reported to improve quality of life and survival vs. supportive care alone in patients older than 70 years of age (median survival 27 vs. 21 weeks, P=0.04) (16) . Five of 71 patients discontinued treatment due to severe toxic events (grade 3/4 constipation, grade 2 heart toxicity), and grade 4 leucopenia occurred in 4 patients but did not lead to discontinuation. In the first randomised phase III trial with taxane monotherapy in elderly patients with advanced NSCLC, treatment with docetaxel achieved a statistically significant improvement in PFS (5.5 vs. 3.1 months) and response rate (22.7% vs. 9.9%) compared with vinorelbine (17) . OS favoured docetaxel (10.3 vs. 6.4 months) but the difference was not statistically significant (HR 0.78; P=0.65). Grade 3/4 neutropenia occurred in more patients on docetaxel than vinorelbine (P=0.031), but there was no difference in the incidence of grade 3/4 febrile neutropenia and infection.
Combination chemotherapy has also been evaluated in a small number of trials involving elderly populations. An interim analysis of a trial comparing gemcitabine plus vinorelbine with vinorelbine alone suggested a significant advantage for the combination arm (median survival of 7 vs. 4.5 months, respectively) (18) . The combination regimen resulted in grade 3/4 neutropenia and thrombocytopenia in 38 and 13% of patients, respectively, higher incidences than seen with vinorelbine alone (28 and 8%, respectively). These findings were challenged by the Multicenter Italian Lung Cancer in the Elderly Study, a large, randomised phase III trial involving 698 NSCLC patients with a median age of 74 years (8) . In this trial the combination of vinorelbine and gemcitabine was no more effective than single-agent vinorelbine or gemcitabine (median survival was 36 weeks for vinorelbine, 28 weeks for gemcitabine and 30 weeks for the combination). Moreover, the combination was slightly more toxic, although quality of life was similar across the three treatment arms, and the authors concluded that until further studies showed a clear benefit for combination therapy, the recommended treatment for elderly patients with advanced NSCLC should be single-agent chemotherapy. This was supported by another phase III study that compared the efficacy of monotherapy vs. combination chemotherapy in elderly patients (>65 years of age) and those with poor PS (19) . Eighty percent of patients enrolled were >65 years of age, and the results showed that combination chemotherapy led to a modest improvement in time to progression (4.8 vs. 2.9 months; P= 0.004) without an effect on OS (5.5 vs. 5.1 months; P= 0.65). Grade 3/4 myelosuppression was significantly more common with combination therapy.
The results of a retrospective analysis of the ECOG 4599 trial [carboplatin, paclitaxel and bevacizumab (PCB) vs. carboplatin and paclitaxel alone (PC)], on the basis of age have also been reported (20) . Twenty-six percent of patients (n=224) enrolled in the trial were >70 years of age; 113 were randomised to PC and 111 to PCB. Compared with younger patients, the elderly group had more toxicity with PCB (87% had grade 3 toxicity compared with 70% of the younger group; P<0.001). Significant toxicities included grade 4 neutropenia, gastrointestinal bleed, proteinuria, muscle weakness, neuropathy and dizziness. There was a superior response rate and a non-significant trend towards improved PFS in the elderly group, but no difference in OS (PCB=11.3 months; PC=12.1 months; P= 0.4).
Elderly patients are more likely than younger patients to suffer from age-related impairments in organ function, as well as other comorbidities and pre-existing medical conditions. Consequently, it is essential that NSCLC treatments considered for use in elderly patients should not induce unacceptable levels of toxicity or impair patients' quality of life. In previously-treated patients with NSCLC (13), it has been reported that erlotinib monotherapy achieved improvements in survival compared with placebo, among all patient subgroups evaluated, including those aged ≥60 years.
The current findings demonstrate that erlotinib is well tolerated as a first-line treatment for elderly patients with advanced NSCLC. Efficacy outcomes for elderly patients in the first-line setting were at least comparable to those for elderly patients in previous erlotinib trials. The median PFS was somewhat longer for the TRUST 'first-line erlotinib/ elderly' group (4.57 months) than for the overall TRUST population (3.25 months). In a phase II trial of first-line erlotinib in patients aged ≥70 years (12) , the median time to progression was reported as 3.5 months. Although the data are not directly comparable between the BR.21 trial and the current analysis, because BR.21 examined the use of erlotinib in the second-/ third-line setting, PFS for elderly patients in the BR.21 study was 3 months (21). The disease control rate for the TRUST 'first-line erlotinib/elderly' group (79%) was significantly higher than for the overall TRUST population (69% P<0.0001) and the median OS for the 'first-line erlotinib/elderly' patients (7.29 months) was similar to that for the overall TRUST population (7.9 months).
Tolerability is a key consideration for medications that are to be used for the treatment of elderly patients receiving therapy for advanced NSCLC. It is therefore important to recognise that in this analysis of elderly patients receiving erlotinib in the first-line setting, no new safety signals were identified. The most common AE seen with erlotinib is skin rash, but this is usually mild and manageable and also has potential as a surrogate marker of therapeutic efficacy. As reported in previous studies of erlotinib (22) , the current analysis found that both PFS and OS were significantly longer in patients who developed rash than in those who did not.
The incidence of erlotinib-related AEs and SAEs was slightly higher in this subgroup population than in the overall TRUST population, but the differences were not significant. Dose reductions and discontinuations due to toxicity were slightly more common in the 'first-line erlotinib/elderly' population than in the overall TRUST population, but this may be because elderly patients tend to have reduced organ function compared with younger patients, and so may have higher exposure to erlotinib. The presence of co-morbidities may also have exacerbated any adverse reactions to erlotinib.
Elderly patients are also more likely to have reduced PS, which may affect response to treatment. Results presented from the Tarceva Or Placebo In Clinically Advanced Lung cancer (TOPICAL) study of erlotinib in NSCLC patients with poor PS in the UK suggest that this factor may limit the benefit obtained from erlotinib treatment in some subgroups, particularly in male patients (23) . The results of this analysis demonstrate that PS is inversely related to survival, with those patients who have poor PS having a significantly shorter median PFS and OS than those with good PS. It is likely that this difference would be observed regardless of treatment, however, as these are the patients most likely to experience rapid progression and deterioration before they have a chance to benefit from treatment.
In conclusion, erlotinib was found to be effective and well tolerated as a first-line treatment for elderly patients involved in the TRUST study. Erlotinib should be considered for the treatment of elderly patients with advanced NSCLC who are unable to receive standard chemotherapy or radiotherapy.
